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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To provide an 
organic electroluminescent element with high 
brightness and long life. 
SOLUTION: The organic electroluminescent 
element comprises a transparent positive 
electrode 2, a negative electrode 5 facing each 
other, and a plurality of light emitting units 3-1 , 3- 
2...3-n. Respective light emitting units are 
separated by electron generating layers 4-1 , 4- 
2,...4-n composed of at least one layer. The 
electron generating layers are made to function 
as electric insulation layers having specific 
resistivity of 1.0*1 0<SP>2</SP>[Omega]*cm, 
preferably 1 .0*1 0<SP>5</SP>[Omega]*cm. 
COPYRIGHT: (C)2003,JPO 
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- HJ ^7$/7xZJH 7xrj^^>, N, N ' - 30 
y7xZJhN, N* -v (4-^h + y7x^) - 

4, 4' -y7^7 b'7x-Jk N, N, N' , N* — 
fF77x-ih4, 4' -y7^y7x-iH-T 
;k 4, 4' -tfX (y7x"^7$y) £:*-FU7 
i-Jk 4-N, N-v7x-;U7^y- (2-y7x 

-;i/t*-;u) ^>if>, 3 s+->- 4 ' -n, n- 

y7x-*7S; X^;i/^>if>, N-7xlMJk\' 
*/-;k 1, 1-tfX (4-y-p-h'J7^77xZ 
;U) -vi7D^+1f>, 1, 1-tlX (4-v-p-h 
'J7^7 7xZJH -4 -7x-;i^>£n^1j-X fcf 40 
X (4 -v*^Jl/7^/- 2-/^l/7xz;H -7x 

N, N, N-HJ (p-HJ;W 7^>, 
4- (y-p-HJ^TS/) -4' - [4 (v-p- 

h u;u7^ /) xfUJH x^;i^x n, n, n' . 

N' -fh77x-Jl/~4, 4 ' -y7^7-t f 7xZ 
*N-7xZWM7-;k 4, 4' -b*7 [N- 

( 1 -7^7^;i/) -N-7x-Jk7$/] t'7xZ 
;k 4, 4' * -fcfX [N- (1-^7^;!/) -N-7 
x— ;U-7^y] p-^-7x-ik 4, 4 T - t*7 

[N- (3 -7ir^77 1 -;U) -N- 7x-;l/-7^ 50 
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E y] tf7x-Jk 1, 5-tiX [N- (1-^75 L ;U) 
-N-7x-;i/-7^ 7] 7^7^ UX 4, 4 ' -fcfX 
[N- ( 9 - 7 > h U ;U) -N-7xrj^7>;] fc* 
7x-Jk 4, 4' ' -fcfX [N — (l-7>hU;U) 
-N-7x"Jl/-7^y] p-^-7x"Jk 4, 4' 

- £7 [N- (2-7xt>hUiW -N-7x-JU- 
7^ 7 ] t'7x-Jk 4, 4 > -fcfX [N- (8-7^ 

^-7>7 1 -;i/) -N-7x-;u-7^y] t7x-;k 

4, 4 ' -fc*7 [N — (2-tru-;i/) -N-7x-;i/ 
-75/] h'7x-ik 4, 4 ' -h*X [N — (2 
U 1/-JH -N-7x~JU-75/] t:7xZJk 4, 
4' - fcfX [N- ( 1 -3D*-;i/) -N-7x-;U- 
7^ 7 ] h'7x-Jk 2, 6-tTX (y-p-HU;U7 
57) ^7^k>, 2, 6-fc:X [y- (1-^7^ 
;W 7^y] ^7^U>, 2, 6-fcfX [N- (1- + 

7^;i/) - n — (2-^-7^;i/) 7^y] i-y^u>. 

4. 4* ' -fc:X [N, N-v (2-±7^;W 75 
y] ^-7x"ik 4. 4 ' -fcfX {N-7x~;k-N 

- [4- (1-±7^;U) 7x-JH 7^y} t*7x- 
;k 4, 4' - h*X [N-7X-JKN- (2 - tfk- 
;W -75/] t'7x-Jk 2, 6 - t:X [N, N-v 

(2-±7^) 75y] 7;M"lx>, 4, 4' * - £ 

x (n, n-v- p- h u;u7 5 y) ^-7x-;k e 

7 (N- 1 - + (N-2-±7^;U) 7^>, 

[fb3] 




Tg:b£nS4, 4' -h*7 [N — (2-^7^;i/) - 
N-7x-Jl/-7^ y ] t'7x-il/ (a-NPD) , T 

[ft 4] 




Mb 5] 
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-e^t>£*T.£Xfc:a-TAD. TE©5t : 

lite] 

OJOQ' 

or 10 

«ELif©ffS tcteffl s nt v> «> &»© t> © sag 

9 0 *CEU:T**7 U -)V7 5 > 

±C a — N P D, Xfo-NPB, Xt°a-TA - 
DS.ZS 2 - T N A T A \tfS y 9 0 tCLf?* 

sfsfctes-ft©^**. 

[0 0 15] *«WO*«EL*TK*^ , r, ««ffE4 20 

Tfei^o *fc, ^©*^tr. *-,>M£j£!#-ttB 
(a) rt»T**7 'J - ;U7 5 >{t*«*6*5©* , »- 

[0 0 16] 

r 7 F (>>&< t<b-l©5SJtel**tr, iirSli* 1 

67i5lT— ^Wt2lJJ(,±©^l»)fi : S: ; tt-S) /It 

(2ffl^±) fiPffiU #5S3tt3.-y 0X10 1 
Q-cmJJU. »*l/<ttl. OxlO s Q-cmJ^± 
©tti^[*#-r*«**6W4©««f56**K«t'3^« 

e, ttT ^ 5> H t * «r ft 1 1 T H * . 
[0 0 1 7] tfcfcW^ftELJlS^tt. H1C*TJ:3 

Btftft^Sft? (e- ) . Baffi!]*^*-^ (h 4i 
+ ) £aAtt^-7h^fli^b. 
£dEU»3tr*. cn(C*fLT, #5B93fc«k**r«EL 

u> ufc^-aTftftoftiteWftftMtrftfir*. 
[0018] *5ew©*«EL« : Pt-*^T. mffi%£ 
■*»iarr«#*ftUTtt, tusttau. oxio'g 

■cmEU:, ffSb<Bl. ox l 0 ! £) ■ cmRit 
g&$s#5 0 %6[±©Ht?$>-5^i:*iif*U^. 5 
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©aa*a»5ox**rr**fc, £*Lfc*a«Mr»£ 
a. «iia©±^('. g&* 2 aft©4JjR©fti#x«s 

&l*»Stt0. ft2««©tt!KIBTftfli«7c;EJEC«fc* 
KWSELTfeO, ftftW»»H#+©9^*^*?- 

&Al~5fc©T&5. 
[0 0 19] HrtECi'SK. *^^©*^t'*ttS«^ 

(a) T*S7'J-;i'75>ft;^««t. 
(b) K7'J-JP7= >ft4!f«tftfl;«5cEi6K:±-3T 

(ft««»"Ct>, 

$5. 0 3li, WIB© (a) *»t (b) 

jnP#tr£tt3m?&tf*-^©#»£*^^ Tifc 
3. *fc, 04 tt. WE© (a) J&ttt (b) £#©« 

jEEnjD^tc*tt'5m?&^-^©^»'*^^ llT " 

[0 0 2 0] SSC. «»58tl*«*r*2ft«©ft: 
£4fc**ftft;»7GR£K:<k 0 |»M#5««b 5 -5 % 

:t *ttt5. A#«ictt. 2ffi^©{b^*^ti-e - tx 

^8ST?«, 800~2000n m©ifi^^ft^C® 
JRX^? HUOfcf-^tSSfc^**. 2ftft©ft^«© 
g'&^Tli, &S8 0 0 — 2 0 0 0 nraOifi^iSI: 
®JKX^i7 hJU©tf-i7*i*0. 2ft«©fl:£4MW"C© 
ft^»*iP«fc*ft"*"*#* (fcb<«IE» iUT 

[0 0 2 1] 0 5 «. 7 U -^7 5 yit^X'&Z 2 - 
TN AT A- a-NPD. Xfc!o-TADRtfXtfn- 

i NPBfc. v,o s (5S<t/tty^A) ©-tn*n*a 

©H*» 6« 0 . 7 'J -;W7 £ 5 
Sft/tti'fAliv *ffi-T«iSfi8 0 0-2 0 0 0 nm 

•&«i:5ft'fb/t^-5?'>Ai:©«6ft»4> &fi8 0 0~2 
0 0 0 nmOfi^WCltaf-^it. 

6tt, 2-TNATAt4F-TCNQ©*n j fn*i 
0 MS.IKS'&KCK'RX^^ Hl/£^U 07«> o-N 
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PD£Re,0 ; (imt2\s-VU) ©iI£BI©KiR7. 

«&) mto^to-&T?ttft<. a*»»*#3RfcKJ:? 
T> » 3 ©«&&*«£-* tfifi**a«*8 0 Onm 
~2 0 0 0 nmW&BCaaSSftT&fl, *58E#b© 

bfcBCtt. tt21**«-r-S»ffiTieCt>T^4C4:*« 10 

ggizmmzn, mmzmmmiz^^xmm^M^ 

[0 0 2 2] aMHHfcfcHT, r^ar 7 hj til 

mm<D&?\z. rfie*©#«EL*^**fig-r*»*j 
©55, ns^as&eM^fcaasaesr. 

«. mm) /%%m/ (us) . omd /#-;u* - 

MH/5gftJI/ (US) , (Hill) /#-;HHi£H/5& 

^a/a^aita/ (M) . mm 

(Hffi) ft£ftt*tf&ti«. *5B91K.k3#«ELjrF- 

c«tt>Tth«enT. aa (2«k±) #&-rst>©T 

tt>**563e*r»t^^Tt>. «rK:«IEttfc<. &*0© 

tttcbojjtttisn. £«©«*#«, mt 30 
*m&&o«a»fStt*. 

[0 0 2 3] BWa*f»iUTJ4. -ft»K:tttt*H» 
©/hS^&K. ^JglHtft^' 

I. Mg. Caf(D7MU±g^I. Eu^©$±I 
t>U<tt, HftbW&JStA 
1. Ag, I na£©£&fcE*»atf it, * 
5MMf&jJ«a3lELfc. B*ff£*4M£©*Bi::*MK 
-t£>^*nfc#«a*«^*** (#l?10-2 7 
0 17 1 ^&?8, 2001-10217 5 40 
IB) T*tt, &«ategmtt*We£*U4, *-©tt*IHft 
«©ttKfiB'J&, MEittfc&fc^. nac*& 

1 1 - 2 3 3 2 6 2 a&M&tfftH 2 0 ■ 
0 0 - 1 8 2 7 7 4^4i«tHSLfca**tt«bT. . 

aaaBicars*aBfc7;k&'jaa-rr>. 7^* 

a***r**aaB«#fc£*KJ: oaaraaa, 

aaHMfcaa+Kaasnsaa-f *>&M£<p-c&R 

\Z&7cL?Z&m, fllAti. A 1 , Z r. Ti, Si& 

£*© (s^STctt) aa. feK«cne©iimt 50 
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b©?-5, at. E^«stLT-^icj£<«ffl$nr 
7^ 5:2$ *#*»©***. ttEW*©*$. ft: 
*»£««*©«.**>&«?* bt>. 

[0 0 2 4] aaaattWtbTtt. # left] KM (4 

ft<, H*tf. I TO (-f >vOA • -r-fS^ft) - I 

zo (-r >s?i>A -sftttfl:*) &£©agj»a«tt* 

[0 0 2 5] *tWIU<*58W#6*««HB2 0 

0 1 - 1 4 2 6 7 2*WMHcE«Lfc^tfe*J§HTI 
TOlS**aaMC»«©a^J:'5&*/'W*U >i7*fe 
tCfcoTfTSa^tt. Hfl»<t|sl1i(C#Bfi¥l 0-2 7 0 

1 7 H»a«TE«SftTlf»**«K-K>^**lfc* 
iI*ifttXii:ffli-»iitf»ac 1 to^ 1 zo©i 

s^t. aa. »a©aaa*S9i£bT («-«nt>« 

5*fe[tl*?.L, ±JE©-HR»a#*EL*? : ©»^t 

aafcaatbraafcaaaa tract 

T, £ afiJCTttft: < fi£«Bftia> b Jt « t 0 fc*r»ifi t> 
t>%5^ffiT»*. it, WbTte&rb 

[0 0 2 6] **«Ot«EL*ftt. »lfiir*»S* 

sta«aa©ra»::«»fi©fS3K:3.--y hswu ass 

3ta.-<y h*«l. 0 x 1 0' Q • cmPii, ffSKte 
1. 0 x 1 0 s Q • cmK±©ttfflft«srr««to£ 

%>u<tt-f-ti&*ajc»r*« ; WttAJi©»ri5j*c'3^ 
a«ji««aa«T**. 

[0 0 2 7] «fbt»* ; f*«* ! frr**fEW©#«EL 
#©£Tt£*©W<iELS!H 1 tf4;*:£<S&5 

r*«B»TM«an*a* (») /mztt-tz. m- 
(ft) /»©jtj T?*** : pa!i*©±H!tt. aa±, 1 

(=10 0%) fioti«, *5B9iKJ:«#«EL*? 
Cfcl^Tte. aH±©IEII-ttat». ffiTSfc^:SH2 CSS 
tia*-;p (h + ) £*«*«#*«©««?# (feb 
<«HOMO. . . SiSittfiflJI) A^b©^?©?!^^ 

«f«4i©Ba«ic»r*i*«ifi?-r***»^«<Qffi 
s 51 * ft *»nt »4. nafii car * a *«. 
ar**«»^*©wa» (tKinuMo. . . a 

otarfc*fcffipijfflsn4*»6T*ft. a^t. aaa 

41»=J:r»Ttt«6*ifcaajta=y H©a^»a 

(ft) /8>t. aaaeiL-y h*»5ausn*je? 
(ft) /%><Dittfem$nz) ©«»**. *»«©*« 
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[0028] fc^3A,. ^swtiELfm aa 

BWil. 0 x l 0 ! Q • cmKL S?£L<tel . 0 

x i o s q • cm&±©j£a&*ffT**ft»tt«R©*- 

iELSfMt (nil) . W.m\Z&Vt£tliZfr<DZt 

»$ns«fiKT^ (Vn) ©IPC (V = V1+V2 + 

+ Vn) T&SCiite, f^ST%fi;K I^T, 

fl£j|6©*«EL«^©Wj*T»*iSnT#fcl OVEt 
TT"©^mJEIEiJ«> a#3.=.vh©» (n) 
\zr>nxUW^°l&tts.h<D\$.. *^BJ©^^EL^? 

[0 0 2 9] ^niCfe^fc^-T, *56flO*«E.L«^ 

rr*. tt*aottiEL*?o«B. aae 

g C (5 f£J£fl b . iS»S * % * tz © K tt&ffitt tc JS na 

(B»«EETtt&<) ««*SEt:EJt«IU «EoTig» 
gfgftte, tW*M<tS. *PPJ©«E 

&<^»£tt. ms^c#fiE-r-5H-©*f£©^a--y 

OfUJISff^. £OSf, HJ6©a0B»*Et>n 

[0 0 3 0] Sfc. *^»flELlf(D|ltEI 
i:©F B l©KJite. 1 $©*&#*> fSJfci^y r-©ft#lt 

x.5t;:ottTjf <&•£>. waai-a^nr 

t»*S!3ta-y h*«nfi#SE-rntf. WKa*>flE*a# 
|EL«fO»necftD. ^© (58*3.= v h©) ffl 

»t«istt»i^©T, aaroiBta©*iifit>&<' i . se^s 

(i OH^I'i'J'&ii 2 0 0 0 A (2 0 0nm) EtTtS 

fEkodak#tt, 4#pgBS 5 9 - 1 9 4 3 9 3fM. 
#BflB§6 3 - 2 6 4 6 9 2^ii$8. #M¥2 - 1559 
5#£$. *H#fF|g4, 5 3 9, 5 0 7^BJ«B#, R 
$g4, 7 6 9, 2 9 2fS» ^£4, 8 8 5, 2 1 
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1 ^B^|B##BB) 

?fot>%. *^bjo^^el^?(c«, «®rBiBSii©± 

[8%ifEfil«E©±!S ; ka^2>* («8tt«l*) ©±KSt># 

mtnt^^m (w/w) ©<&T£ja<fc*ttT$>-p^ 

h£aaFaC#ft£**£S^BB&aE (turn o 
n Vo 1 t age) *t>ISnfflfc&0, tt-sTBfaW 
S$#^fcfe©«BEfcl&n^(tfe^^, (m?« 

[0031] h 

©*«EL*^©W*»fflJ<*£l'Ttt, **«*©£* 

as««T**jft***tf se*s© i fi©«*3 

iaoTlS5#. *56B©*«EL«*©»£ttaa 

[0 0 3 2] WAtf. h 'J * X*fi© 

E»j^£C«fc-5«EP¥T^Sfi©SA±#*Se* 
SWffiE L SHf ©a'&Cifc^T*^ < i&nX'tZ £ t% 
30 **T*. £©jfltTt>. *«WO*«ELSlS^«Btt* 

^S*L (5 VT1 0 0 0 c d/m 1 ©»S4# 6ni> 
Sd^t, 5 0 VT1 0 0 0 c d/m I ©j!¥g : £:f#£tl& 
JK^fctttfcLT, SaJSJrtCkoTlVOaffiftT^ 
Dfc«^©»ft:fiTCRS1-«»*«*^*«W^+^ 

«©*?«36©»«tffift^T. «t*o*?Traf 

40 TSofcsmjEiiJtflci**^^^ 1 ^^^®^^ . 

[0 0 3 3] Sfc, HJ*fc*ffl«ti9-C*6***ft 

ELifl:*^TH lltffl. 4*CI TO«SCft*S 
ft*a««i*f»OJt»^[ (~1 0-'Q • cm) tt. a 
M©i±J£^ hlO-'Q- cm) lctt^T2«feaS^ 

©Taa»»*^'aia*»a*i*»w-3nT. a3ta-f h 

t;:#3SJ3E (V) (t>L<««^E (V/cm) ) *»« 

so TT-sfefe, »*wc»&a»»ifiata*"p©»a»^ 
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mmm £5i*fi£LT^fcav*«9i©**EL* 

J: 0 <<8J*T**ltf, &n&®Tz&® 

[0 0 3 4] St. *^B^(3^ltSm^^4Jl©itffifei 
I41. OXlO'Q - cinjtl, »*L<ttl. Oxi 
0 s Q • cmfiUfcitHttlC I TOSfOittttffi 

(~ 1 0* 4 Q • cm) ,t0t)«-5*^CS5^^«t©%O$ 

«[->+• K-vx?©«£ft£&^ftg£to-&£&gi:L 

[0 0 3 5] H8«. *»W©-*ttl&KT****E 

«S2. 5S3ti=yh3-l, tfMl4-l, 56Jfc 

mffifg£Jl4-2. ...... m« 20 

58£l4- (n-1) . Mi-7h3-niI0I^ 

S2. Ml-yh (3-n) (f;f:Ln=l. 2. 3 

) . giii5Maosgt<bo, Jtj£tt#i. 

OXlO'Q- c m^±©mmMifeiit'l4©m^4 , i 

(4-n. fcf:Ln=l, 2. 3 ) HioTtt^b 

ft£Kf53fc:ixy h (3-n. fcfc'bn=l. 2. 3- 

•••) aw&M. p«awc#«E-r-6j«*t*««o**E 
LS^oHfi/^ra&s. 30 

[0 0 3 6] WlELtfH mSttflOflfOtt 

aftffifg^'I 4-n KtttflTtt&titf. Ntffttff^ffllC 
l/TU4tfSA m&) it*-;^ (Wit) 1© 
MfeS^t^C-S. 40 

[0037] mz.a. &m.ffi%%.m4-nfrt>ffimmi3 

[S]lcm?ttA*-r^^(I«. ttH¥ 1 0 - 2 7 0 1 7 1 
#tt*^»BI 2001-102175 tWSSft 

*lfciatt±OA**> 6 ±13 
©S^aAJg*© H7- h&JSWtJPJt^tt. 50 
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^mit&mznLx o . l-iomowtLK 

Snfcfl-? (StT, j§7t#?) ©jg«^<Siit*. F-fcT 
>ya*d»/hS<. 1 0<g£i@*.£<!:, flt+©K-/0 

m&WSft IcfSTf 3 ©T, H - tf >■?©$* T*< -3 

x-<> htTSdilciO, tf%4I^if2T4ffl 
©{Hf&tl&ictfjtob-f, &5E3t3.x»/ h^o. x*;u* 

[0038] *fc. %X3.-yb\t. mm^momm 

W5 nm£TF. *FS L<«0. 2 ~ 5 nraffli* b&-3 
nmS-ax.-5i. ft©S®3S;W>LTLi; 3 tWlft 

[0 0 3 9] Sfc^JAtt*. #MMl4-n*f,gl 
ft£ftC:1i?aA-f Sl&tCte, #BB¥ 1 1 - 2 3 3 2 6 
2^^#BS2 000-18277 4#&$8 
H^tfm 6 3 9 6 2 0 9 (#^HX : J . E 

ndo, T. Mat sumo to, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 

(2002) pp. L800-L803) II (*§g9i# 
b(C«koT) M§*nTH*t?ttAI*. 

o»afljcttit*c:tt>ff*un. c©^f7©«?a' 

AJf «7;i/:*JiJ&Jgf 7;i'* 1 J±a&K-f^->. 
#±»£M^ *>S£tMfc**±£7;u5 x$ A»©flfc 

si?©s £ «fe&fi7c&& ■ * m * iz l t m&Tt r& (3 

C©liSI;:&ffl£n5^M5t£KliKffc£%* 
©^S-r^>*a7cT-5B#!'§b(iK'ft:$nT, 1.0 
x l 0 ! Q • cm&±©Jtffita£WT£ffi&tt{b£fe»:: 
"(HCITWS tfimfrttKlttl 0 am 

£tT©B0PS**b. KMB7c&floKJPAt 1 Onmt. 

(«a W) i&fttt & * ^ «* v o *»awtt * -c.fe ton 

TLS?. ) 

[0 0 4 0] £fc0iJ;Uf±fB© r-tO»KlS4j«Jij Id 
ffiffl$nT^S7;W*'J^JS-f 7^*'J±S^JR 
■it>, #±SlftM'f ^>$^tf{k^*tt±IH©#W : 3t 
IK (#58^ 1 1 - 2 3 3 2 6 2 ^W^ttH^ 2 0 0 0 
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- 1 8 2 7 7 4*ii«) tE«*nT^****JW8* 

7)Vti 'J&JSH' 7;k&U±£&JR- , r*>« 
^±®&M<;t>£c£WbTv>ni£^&5$&i&{b£* 

[0041] sen. ±is©^s¥ 10-270171 

% v ffi^5S2 0 0 1 - 1 0 2 1 7 5^&$. 1 
1 - 2 3 3 2 6 2 *4i«^#H 2000-182774 
(MfS*ll^Wm6 3 9 6 2 0 9^H«II*) ©S 
&*3"f:/©«?aA (MS) l^S&T&fflTScofc 

Si*!t#BS¥ 1 0 - 2 7 0 1 7 1 ^^fB^^Sfi 2 

0 0 1 - 1 0 2 1 7 £>yi£BrSBtJP"C 

1 - 2 3 3 2 6 2 ^iiffi^tfH 2000-182774 

* m^a ah 7^ Tvm. #5E9j#*>a t fts 
2002-27365 6 ^mm^znm^Lx^. 
z.o>*£* nm^m (orosffl) c»-r«©H: r^© 

M£©ff*l,<&t»ffi£flU§*l!*a*. «S*tL.T* 

[0 0 4 2] SfcfllAfcf. «-*fflfE£14-nrt>SIBS* 
1 - 2 5 1 0 6 7 #£3K>ftni 2001-244079 

x*»*-*fi 

l£I*fi!cLT, *-;iaAItltfei^. £© 
KJf «3 0 nmJWT<h7&©£W;£L<. 0. 5 
~3 0 nm©IOT£-f -5CDa<SfS:l/l>. W3 0nm 

[0 0 4 3] OK Xtft^i) i: L- 
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A, 3£<fc#'J2A. ^k-Ov^A. ftlkOv'? 
A, 3W>-/^A. 5ffifk7>^ : E>. 5 7y{fc» 

i?jDD*;» > TNF (h'J-hn7MU/ 
» , TCNQ (f b7->7/^/y^» - 4F- 
TCNQ '(f h77Wn-rh7-/7/ + /y^3' 

fttt) ©*;Ufc*tt. *»ft^«C»bT0. 0 1-1 
10 0©*i£HT& 5 ©**£?£ L^. \i-A>h<Dttm^0. 

-lf>^©«|^/h$<. 1 0fe£mx.~2>t, K 
[0 0 4 4] SEft, «Wtlt»)W*M«HI:W 

Sea* 4. 5evH±tjnii gijsm^s^tt^k^ti 

roaM2i;Slfc±5i:, WE;i"f x«flsfrtfea»*® 
[0 0 4 5] Mr*v»T, I* 

^o^rfliEL^t^ffl^nr^fcm^aAi^*- 

30 [0 0 4 6] #»B©#«EL*?0J^ISMtt. ft* 

wm2 001-15336 mwm9\z&^Tt&%brz 

40 t*0 1 0 0 ^Kja-^ttS^^T^S. 

[0 0 4 7] *3EW©**EL*^S«ld5-r** 

T^JlSE{bti^©4i«^K$^ffl-r ; 5.«^«^ ^S^ri 
(-j;t3T< (KsHH^rofk^^^roiftlSl^feJIST?) 

»-6©Ta*£ST-5. X/t7^U>^S^M 
50 UTj«««lt*fll»-r*»^tt. yntxt ir^^T^ 
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#|6]*~ y>> h3.zrty?mm (&m2 o o i - 1 4 2 10 

6 7 249Mft#R) *«5l©*«r364JiO*J5!iC 
[0 0 4 8] S-&. »«±K*g|*n**TOJi*, US 

•WRtKffi+fcfeViTumi'r-s etc* oaMtxw* 

irS«©»i£¥®©T?7fcfie£-frT. ^fe^*S«© 

• t^f ***#W*ft«S§£Eflrrsx5ry 7 ; 20 
r©*»#»iRtt*S*llOflftU. tt88gftffi©$&tffi 

^ffitC<toT^1--5Ci:^T^-5 (#P2 0 0 1 -1 
5 3 3 6 7 «9iai##]H) . 

[0049] tsnotiELxm ft*©w 

■*63fcKltM*T©**lUPa*£T 1 / 4jfcg©B& 
ffftft (AX (2n-l) /4, fc£U n-1. 2. 

3 ) TJb*«flC*t>i<Sa»*©5E3tS»*S#-&Ct«« 30 

*£*©#}$ ELSiS^^irm, (*-©) g 
Jtft«*»6*KSt«aST©3t*ISJiittlSi/4*fiK: 

«UTt>. B»«E©±#£iB<fc*W"r*ofc. 
[0 0 5 0] LfrU *569i#5tt. tfi£B©#IH2 0 0 
1 - 1 0 2 1 7 5*4i*C*^T. 3fcE#tMS«C»f -B 

©a*^b-&**wcjM?-rntf. mm* 1 « magic 
<ft*coftTT«a««»wrfc3a:o, ess (-3*0. 40 

fc. HfcWlctt. K«?aAH©#*KJP*ti/4S* 
©BS^fSfg (Ax (2 n-1) /4, fc«U n = l, 
2. 3: ) lCKS&£*lTHTnftat*#<fc4£. Jfc 

<tt9, 3!K:K3t*WP*»l/4*ft©l6ffl»ft (Ax 

(2n) /4. fztzL, n= K 2. 3 ) K&JtS 

nxiriT. n»^<ii5t, 5c©^3ttf-^ffiB© 



6 #s wma s u ©mi $ m« ic *i»-r s c t at* nj * 
[0051] z(D^oumt>L^mmtmm 
i^ama (£©*stt»s*«**S9j*iiifcs) £n 

HT 5 mm -5 < ft 6 . ( fe 5 5 A/K *t 

3ttfi]fflr*3{cnis*i:!Ct**». '>ft< it>wa>©iis 

ic *E*rtia**i»a«ffT**«^ttRi»a«a-tn 
Ki©a«a^tc#a-rs / >^< t 

©«&# t & * > ns^i tz ttR3tT*j»*K:ie 

BT5HIl:#it4^I*«S < ft 5. 
[0 0 5 2] TE*«fll:*LfcJ:5i:. *fS9I 

[0 0 5 3] 

[*J£0J] ^Tti*Sg«aJ^^tfT*«Bj^$ &c#»tc 
*S8gftt£*l»c.fcOIB:£3*l*t>©Tttfc 
ft*. #«fl:£ft. $BRtf*ffif56£JI©fiflB&K: 

8 0 0 0 (ULVAC (B#K£8ft5tt) SS) £&fflL 
fc. *&. l«it«©£»BSJP©a(J£lCtt. x>3-JP 

(Te n c o r) 2t§2P 1 OMMa&mtft&m^lt. 
?©^Fl4i¥«fC«, ^r-XL^- (KEITHLEY) ft 
V-X^-^ 2 4 0 0. h7 P n>BM- 8»SthS:ffiffl 

bfc. i TO£R§a, a ] zmmtLT, <«« 

E±#l»a©W*Rtf«8HI***Lfc. EL 
[0.0 5 4] PM1 (f!E*CiriEL«fOffi8«- 

«i±cm:. SBji^ama2 tit, ->-his^[2 0Q 

/□© I TO (Ov-JA • 1~fgHfctt. Jfiffi^ttSSX 
y ^ d d d t> L < tt B 7 X ttSH * > T' U - =r 
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10© (a) #H3 . -&©±SZ. fiiMffl^I^X 
:7 4 0 CE1 1 0 O (b) ] £frLT*-)l<®m®.Z1(-t 
5a-NPDJlO"torrTT2 A/g>©5&*j$S 
T7 0 0 AOJPStlfcBILT. *-;l/«5M16*^BgL 

fc. fcfc. «B*-^»aioii:. ^fi7tLTT 

[ft 7] 




W (&T. Al q tHEf*Ct3fi«**) t, jiffefg^ 
5 ? ~ ij >g|«# [fSo°g« : C 5 4 5 T 

(KODAKftI) ) £. CCDfi3tfiJH*«l«*X©» • 
8E£&-&.fc'5£#* ©«s#a**H*lxT 4 0 0 A©J¥ 
$l'«bfco *t, «raBfE3ttH7©±C. (C 
s) *«F-lf>y*nfc«TpfiX18tUT, TIES; : 20 

[ft 8] 




OB HJC 



TiSSniAVJ^D-f >t*«-fe>">A (Cs) fc^E 

0 OAoffStoSJKLfc. feSm^5i:bT^S 
J&Kffl£JIVX? 4 1 CH10© (c) #H|) ^LT 30 
A 1 iiflKl 0 A/#T1 0 0 0A©iSI:Ifb 

fc. £Ol8fcJ:t>T5fi3fc*«tt, *0. 2cm. «t 
0. 2 cm©IE£^Ri:&3 (010© (d) #M] . 

#f.n&if©»f7^i? h;h£bii 6 t^r. -©# 

lELifCfeUT. ififlT^SITOteitl 
T-$5A 1 tOIBJC. fiSSEE^EPiDbT, ^t^S (A 

1 q : C 5 4 5 TO^mMM) 3&»6©»ft*3tOlH<rtt 
£8!l)£U£. 02 1. 02 25.^02 3+©O^D-> K 

-tn-tn, c©*^ <**pm) ©»« (cd/m 
: ) -he (v) mvamg. (mA/cm ! ) -ije « 

(V) mfitxW (cd/A) -mSt^S (raA/ 

cm') Sit^77T*5. ^©^©^Ttffi 
Sfe«mtt2. 2VT&ofc. 

0 5 (|£*©WfllELiSf^©^SM- 

wfeSB^^ow) si i iz^vitfommmzfr?*®. 

fpJBLfc. *'7XiSl±l:(i HSSHJ€ffi2ib 
T, ->- hJ&St 2 0 Q/D© I TO (-f >v^A • ff 

[010© (a) #B8J „ -tO±C# 50 
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mwii&mm&m-??.? 4 0 (01 0© (t>) ] s^lt 

*-;i/ilfiStt5^tfo-NPBSl O-'torr 
TT\ 2 A/S>©fS«a«T?8 0 0 A©jp^tr^at 

■ ©±fc, &%1 1 0 t UTTISS; : 
[ft 9] 




T3E£*l3Xtfci-DPVB i £. 2A/S>©8s*j£« 
T*4 0 0 AOJPSfcfiWUfc. ifcfc. ME&ftBlO© 
±£S*W 1 tB«fc, ^JRH-t>^«^aAll 1 

tit, ;w?zfu<i>t&m-t'>v& (cs) s^i- 

JtTl : 1 £&*£5t::#*©8s*jIK£IISfibT2 0 
0A©JPSfcffcitUfc. &tt. ^HmH5 tbTM 
BUB&SVXiM 1 C01 0© (c) #BBJ ^LTA 

i zmrnmm 1 o a/s>t 1000 A©j?£^tufc„ 

CLO±aCJ:t)T5S*««miO. 2cm, |0. 2c 
m(»l£l5WWittl% [010© (d) #m . ftfctlfc 
S§T («*|80iJ2) ©Sg^T^? MU£01 7©.*il:i 
Lfeo ^©#*EL^tC*UT, ill MTibS I T 

oi^siitibsA i t©r B m. istStmjESrEPjjnL 

T, Ml 1 0 (XtfD-DPVB i ) £> ©W fe^ft 
©BM*tt*WjeUfc. 02 4, 0 2 5&Z>*0 2 6 4>©0 

•/D^hii, ^n^*n. c©^ mmmz) ©»s 

(cd/m ! ) -*E (V) mat^S (mA/c 

m') -mm (V) «8tS»* (cd/A) -*» 

(mA/cm 1 ) ^STi7*5 7T$.S„ C©^?© 
%7tffi^«E«2. 6Vf^L 

[00 561 IW3 
jSSSHt*?©*.!) 0 1 2 C5SLfc«H*!ifi*#T*«E 
*©#«EL*?*S1M!I1 tH*CTEOJ:5CbT 
^SL-fc **7XS«l±lC(i. Ei®j§9imiS2 £L 
T» v— hJftSt 2 0 Q/D© I TO ('f >y | ?2* ■ T"f 

3- h 5*1X^5 [0 10© (a) #hsj . *0)±\z% 

mmi&Wkm&m-?*!? 4 0 [010© (t>) 3 s^ux 

^-Jl'ilttSttS u-NPDf 10-6torrT 
X. 2 A/»©*»aaT7 0 0 A©JP3ICdU*l/t. 

©±ir. 563fcS 1 3 t Lta rat. #SfS7l£Sftfe& 

X&-5DCJTB (KODAKttl) ^©MJtfeJfS 
^* 1 1* %©»«£&£«}: 5 teg-* ©^jiSSSlSb 
T4 0 0 A©JS$t-^KLfe. ^IC. MfS^7tll3± 

bx. nv?7'D-f>c#st^A (cs) *t;nt 

7?1 : 1 £&*J:3fc**©IMHME*ll»UT2 0 0 
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komzizfombtz. friz, mmnms tt T®®&m 

ffl&JK-?X?4 1 (0 10(0 (c) #1) S^HAI 
£M%m&l 0 A/S>T1 0 0 0 A©jpafc*l,;fc. d 
©l8«CJ:oT563t<B«»4«0. 2cm. 10. 2cm 
©E7jff£:fti:&£ (0 10© (d) #10 „ ftetlfcSSl 
? (S^J3) ©fgftX^i? HMHl 7£««TS 
f. Cl©#}lELPSHH3:fcHT, B§«mgT*£>£ I TO 
fcBSWMTfcSA 1 tome. HSE*E£fflJnbT. 
%%M (A 1 q : DC J TB©*I81) A^©*ft* 
ftOftftttftffiflJtl-Jt. 02 4. 02 5K.tf02 64"© 10 
+ 7 r DyHi. ^©SH 1 (»»tW3) ©«S 

(cd/m 1 ) -IE (V) fttt, tt&ECft (mA/c 
m ! ) -ttE (V) «rft. (cd/A) -*«E 

(mA/cm ! ) ft^f ^XT&S,, C©^?© 
?gftli&€JItt2. 2VT*ofc. 

[0057] mmm 1 («ftje£jj*tv, o s ( 5 intA* 

mi 3l:itiIM^Iit5*^ffltlELif$ 

wars. s*peu (010© (a)] 

\z7*Lrzffii£rt$'->\zu- h^ntus 1 to±(cw 20 

{ItllSMffl&JS^X? 4 0 (010© (b) ) ftrfrb 
T. fgft^-y h3- 1 fcfifcgtbfc. TfcfeS. -o-N 
PDS6 0 0 A, Alq:C545T=100: 1 <DM 
£4 0 0A, A'V^yo-f > t&M^yO L (Cs) © 
ig£!ft2 0 0 A©JP£K*fcfi5BtLfc. 
«H-hf>^lO±fc««f5BSfe*4- 1 thX, V,O s 
(5KfkA*^v^7A) ft, &mmBl2 0 0 A 

Of^CMLfc. i!©«tfi££Jlfc#ttttl<&KJ3&Jjl 
■77,^7 4 0 (010© (b) ) ft^LTJ&BILfc. & 
fl, #«*fiSBtffi&JR-7Xi7 4 0 (1 1 Offl (b) ) © 30 
££. H(Iif©Ig&fc3-^«IOjIbT?g7ti--y h3 
-2ftJiElgL;fc. ftttJ-fe, a-NPDft6 0 0A. A 
lq:C545T=100:l (g*Jt) ©IS: 4 0 0 
A. /Wjryn-f>i4Iti"5A (Cs) ©MSgft 
2 0 0AOJPSC. JH^isfiBtbfc. &gm@5 
£bTl&&fi!cJSIffl&JSvX£4 1 [Bl 00(c)) ft 
tf-bT, A 1 ft^*jfgl 0A/g>Tl 0 0 0A©JP£ 
fc»&»U (01 0© (d) ) CjKl/fc/t3'->**T 
*#* EL Kl8fc£?T383fc*WH4« 
0. 2cm, 8S0. 2cmCiE*MtS-3t. IIOW 40 

^EL^efe^T. »a*«-c»*iTot»a«s 

Tt*A I iClBI:. fi«mffi£EPiraLT. 5SftS (A 
1 q : C 5 4 5T©#fc*/I) **<5©»fi5S3fc©tti*tt 
ftSS£Lfc. 02 1. 0 2 2RIX0 2 3+OD^ny.K 

a-tn-^n. r©*? (gffim) ©»g (cd/ 

m 1 ) -IE (V) moS^g OnA/cm') -« 

£E (V) ttftgi* (c d/A) (mA 

/cm ! ) Sit^77ffeS. Cl©^^©^7tgBfel| 
E»44. 4VTfe0. »*PWlO*^©-6j:5£2«© 
lEift^fc. Z\<Dmz%ft3-->y h#«ffifg£)IlC«k 50 
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cTtt^^nT2(l^a-r^d©WfiiEL^?«, £9 

i ©wfiiEL^^tit^x. m&mmwim (m^r\t 
m=F®m) tfi, 2f9ifi<t*fr<iRj±bjt. cos? 

(£«Hl) tt. 5BEfc/t^y^A (V t O.) t*-)V 
fifei2ltt# : fT&S7 , J-)l'7S:Wt;£#l, a-NPDt 

(V.O.- + 0-NPD*) fca|*6n. 5»fllA^ 
i"7A (V.O.) Hta-NPD«0^ffi***«f58^« 
tUTHbTUi. #£n£^©f§7cX^ Wl<ft 
0 1 6l:«iT*t. fiftX^ hJUfte^-TSi:. S 

^«aj i ©x-^? h;utg«-aL-fc*». x^? h;u©¥ 
it«^S9mi titmvT%*m<Ur>rz, cms. 2 

•3©5MfcJL- y hOrt. »ac*»Ufc58*a.= y h 3 

Lfcfca?)©, fS«*i:A5t*x.6n5. 
[0 0 5 8] HSSW2 <««F5E£JI#W«tt©*a>S* 
fi££*lT^£*?) 

C©*M«Ttt. 01 4C7Kl-mJf*i££ ; rr3#?gH8 
©W«EL* ; F£»rr*. tMUBSRIl:. 
(010© (a) ) \Z*k L-fcFJrJtA*- >\Z^-b £*l 
Tl^« ITO±K#«MfcJ*ttJl£JBv:*iM0 (010 
© (b) ] ft^LT. 5B*a.z:>y H3- l*«KLfc. 
T&frt, a — NPDft7 0 OA. (A 1 q : C 5 4 5 
T= 1 0 0 : 1) ©1ft 4 0 OA, /V^^D-f >t& 
M-ti"?J* (Cs) ©ii^lft2 0 0 AOJPSCJttfcfifc 

4-liLT. TieiC : 
[ftl 0] 

F F 




■Cg$tl54 F-TCNQftBKMiSK 1 A/g>T2 0 A 
©J¥^tIE£Mbfe. 2 — TN AT A (A*> h'- 

ft/SKiSgl 0 A©J?$lCfi£KL 

fc„ C©*tf»£!"b#«»l*flUBfcJlv;**4 0 [0 
100(b)) ft^UTB£KU^. *(C. #«!fefiE«ffl 

^s-77?4o (0io© (b) ) ©ts. maiois 

ftt)3-ft»0jibTfg5ta-y h3-2ftfiEKbfc. 
■fJibS, a-NPDft7 0 0A. (Alq:C 5 4 5. 
T= 1 0 0 : 1) ©ift4 0 OA, iVj'tffu^ 

m±-^OA (cs) ojg-&jtft2 o o a ©jp.se je* 

^Ktfc. ft&K. K®H@5<i:tT^fiifi£Kffl^JST 
X57 4 1 (01 0© (c) ) ft^-LT. A 1 ft^^iiS 
1 0A/#T1 0 0 0 A©^S(C^SfL,. (010© 
(d) ) tCwl/fe/13'->**1-**«EL*^*» 
fc. ttiac±oT*Jt*«J4«0. 2cm, i0. 2 



( 16 

29 

cmWjE^ftiLfc. £ ©*« E L UH 1 C43I/»T. I* 
S*ffiT** I TOi|£1imffiT&i>A 1 tomt, it 
MmE^EPintT, (A 1 q : C 5 4 5 T©*1 

#1) J&»e©*fi56#©«t#tt£«l£Lfc. 02 1, 0 
2 2Rtf0 2 3 4>© + 7°ny Mi-?-ft-?ft. ^©St^ 

(HSS0J2) ©ffg (cd/m ! ) -IE (V) «M*. 
mSt^S (mA/cm 1 ) -IE (V) 

(cd/A) -«SfEiES (mA/cm 1 ) $it^7 7 

<&n?$>2>4 F-TCNQi:7jN-;KS2Ht7U-;i'75> 10 
#?T&* 2 -TNATA©W*«^IWT«WMWII 
#£^J&LT^5£#*.<=>ft£>©T (4F-TCNQ- 
+ 2-TNATA') , 4F-TCNQIi2-TNA 
TAJI©^ffi#mffifg£JI<tLTiiffiLT</>3. 
d©5g?T«»a=3 0 c d/m ! (mSt^=0. 1 
2 mA/ c m ! ) SKfr&lfc* CJMBtMStfTtfoTL 
l7fc*5, «St$&#0. ImA/cm'SS&T©* 
fflT&tlte'. *S«86^$T2 5. 6cd/At^5, 
^7f:rL--y h«tifl©fl6*ffl#llEL*^TttJiJ*TflI 

ft. #«*o*Tt>«nr»4io»di**w 20 

tgT&S^^^ftfc. 
[0 0 5 9] *1M3 (2i©^a-7 ^©JItcX^ 

zogmmnt, mi 5 ic^-r«ji«iifi*#-r«.*5SK 
□0 1 to w • -r-fRft*. msi^&gUA 

*JHf5t^^->C3-h*ftTV»* CHI 
0© (a) #8&] . *©±^5>, Sfftl2^^DIST 
^fefiiclKffl^SI^X^ 4 0 [010 CD (b) ) SrfrL- 30 
T*-;HI3ltt**T*li(rE©XKD-NPB (COV 
IONttS) ^10"torrTT, 2 A/5B>©*S3tJS 
flET8 OOAOJPSKjfflRUT, 583ti=y h 3 - 1 © 

*-;Hi2iJi£#jdcb;fc. sfctc, miE*-;ni2iB©± 

(C, 5B3t^-y h 3- 1 ©*ft^«tLT«JSB©Xtf 
D-DPVBi (COV IONttS) 2A/&©! 

;fj£ST-4 o o A©jP3fci*itu /\'y?7o 

-T>i^Ity')A (Cs) ©g£!£2 0 0 A©JP£ 
\zOML1z. 3fcK. *ffi0UtilU<. ««f3S£Ji4- 
ltUT. V.O, (S^b/N'^v^A) Sr. fi)clftSS2 40 
A/fj>Tl 0 0 AoffSKljsjcJRLfc. ^©misf^^^fe 
*«tJ^Mffl^MV7.^4 0 (010© (b) ] 
T^RLfc. &tC, M^7h3-2©*-)PiIS 
tLT, S*0IJ3tlli;< n-NPDS7 0 0A©fS. 
KfifcRU ^-fefg^gtLTA 1 q £. *£5S 

ft®7c£5!iT'&5DC J TB (KODAKftffi £. H 

«^ISSUT4 0 0A©Jf SlCf&RL/-;:. 
^tISIi;<A*y ^yn-f >£&JI-t->9A (Cs) ©g 
£H£2 0 0 A©JS£CfiflRLfc. S&fC, RS*S5 50 
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tlTig^IffliS7Xi7 4 1 (01 0© (c) # 

M] ^it, a i zmmst 1 0 A/&T1 0 0 OA 

©J¥£ig*L£. ^©IgflioTfgTtfSteJtelfO. 2 
cm, ftO. 2 cm©E£»tt£&4 (010© (d) 
#BS3 . Sfelfifl«J3tf»Sftfc*«IEL*-?©5S3t^^i' 

T, I TOtl^1i«ST$>SA 1 i:©P.S 

fe, sSfegfe^T'e (t?>£fe5gft) tfft&ftfc. ?#^ft 

fcJH^ (0 3 9 (b) ) ©?e?t«ffiSrST^*^0 3 9 
(a) tC^T. *?©HM#tt£aiJ6Lfc. 0 2 4, 0 2 
5RZ/02 6+©D7°n<> MS-tft-fft. c:©*^ (S 
2p#J3) ©»ft (cd/m 1 ) -«E (V) #14, Htfit 
mm (mA/cm 1 ) -«E (V) #14, ffiffiSW (c 
d/A) -®5S?g,g (mA/cm 2 ) $St^7 7T* 
5. ::©*?©3e3fcM&«i£tt4. 8VT*?ft. OS 
0, S¥«2©tf (2. 6 V) i»W3©^ 
(2. 2V) ©36#H4&«E©»ifr?T^3. St. 
C©*? ©*£fc£ttm tBWC, 5i£ 

flS/t^SA (V,O s ) fcfc-jMMMSSH^fcSTU 
-)P7 5Wt^«l. a-NPD£©#?PalT"SHtjf7c£ 
j6CJ:4««RW(l»#5i*4«UT^* (V,0,- + a- 
N P D* ) £#*.<=>ft. 5MA'ty^A (V.O.) 1 
ia-NPD!©#ffirt«*ffi58£Ji£LT*ffiLT^ 
5. 

[0 0 6 0]*tt«4 (3ffl©5&3fc3.-s> hS*U *» 
h©563tffi«*»63tSW«a*T?©®t 

£©3US0iJT«. 0 1 8 (^T«H«jS*#"r-5*^BJ 
OflELif^IiTS. SS^3ftffl^LT, *ft 
^ft©»«tC*^Jl tHUItT, (010© 
(a) ] fcSbfcBfJ£rt*->C3-h3ftTV*IT 
0±iC#«tl5£Rffl#SVXi7 4 0 CHI 00(b)] 
^LT, ^Tc^-n-y h 3 - 1 £fi£RL,fc„ -r&fcS. 
a-NPD£700A, Alq:C545T=100: 
l©g£6 0 0A. A-y^7°a-r>i^S-fe>"7A (C 

s) ©*!£!£ l 0 0 A©JP£tr|«&, 3#c©S*Cl& 

4-1 tLT, V,O s (5itAty-?A) 
^2A/ff3 0 0A©fSI:MLfc. c©ffi#fS£ 
S ; fe#H^fiKRffl^®VXi'4 0 (010© (b) ) £ 

(01 o© (b) ] ©**. mm<Dxm*b?-mm<o. 

«Lfc„ fcJSU, ^CTtt«SS*o.-y K©353fcti» 
d^JfeEM«SS-c , ©3t^WIKiS©*ji*#S:l.a3tg 
*0&5ira-NPD^5.»£«$ft^*-;^jil 
©RJ1S3 0 0A, 5 0 OA. 7 0 0 A©3S!^fCt)(t 

r*3aa©**Rc*wbT^#. s^^RJi^^-r?. 
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3&<OS1£l;-?-n-e'tta-NPD$3 0 0 A, 50 0 
A, 700 A. Alq:C545T=100:l (Sft 
It) £01*6 0 0 A, AV^T'oOi^Ity'i'A 

cc s ) <nmsmz i o o A<Dm2izmxf&mi<T> n 

h3-2£j£BIU &£*Cm^?££! 4 - 2 £ 
UT, V,0 S (5®{bA'^v"i7A) £. 6£SHiIS2A/ 
g>T3 0 0 k<nm-£\ZjmLtz, ^UTfe5-Stfr§E7' 
n-fe7,£|#9jll/c "Tfet)*.. a-NPDS300 
A. 500A. 700A. Alq:C545T=10 
0:1 (filJt) ©JI£6 0 0 A. lVJif7u4>t& 
JR-fe->£A (Cs) Ofi#16l00AOfSI:I*S 

ilt, hz-zzfm\stz. mmz, mm 

mm5 tLT&mi8.mm&m-?z.f 4 i csio© 
( c ) ] s^tx, a i zmmmm i o a/s>t i o o 

OAOJPSCSSJffU (HOC (d) ) \Z7fsVtzrt? 

mmtmo. 2cra, «0. 2 cm<DEMtti&7 
fc„ :©«EL$fi;*iUT, G§H«}IT$>-5 I TO 

t^m®T$.^»A 1 torac, mmmfczmuvx. 

fgftl (A 1 q : C 5 4 5 TCD*«»S) fr£©Hfifg 
ft©fg#tt£«£Lfc. 027, 02 8Rtf02 9+© 

o, □. +yn-yh«^n-en. ttrte©3;ii!g©ffiiJi£ 

fT^^cDWS (cd/m') -ms. (V) « 
SfE&g (mA/cm ! ) -«JE (V) «St3b* 
(cd/A) -mgitSS (mA/cm 1 )' $St^57 
T*afeS. B2 9tC^£tl£iI0. *fc5 3«S©BUP£ 
*f*-€-ft-eia©*^©m*«!i* (cd/A) tt**< 
14 0, ^-yh3-2, 3 - 3 ©*-;HftMSIR 
JP#7 0 0Acofe©ttftS54 8 c d/A£&a.S«8it3!l 
^az7h3-2, 3-3©*- 
;Mii£gBUP#3 0 0 A. 5 0 0A©fc©Bl8cd/ 
A, 28cd/Agg©ILM5>nW^L fgfti 
- 7 K 3 - 2 , 3 - 3©*— ;i/$MjilMiP* { 7 0 OA© 
¥fiMa-'>h^t»)in6cd/A (4 8 
cd/Ar3) l:tiSLTl5i3, £T© (3<I©) 

ffis^e-TtsMm^TabSA 1 m 
nmmtmvrm&mttz^cD) #±Ti/4ifcs©B&tSf 
-r&t>*,. **?©ji^«'a 1 ^nnifiir^^e 

f£«g©l/4&:B. 3/4M. 5/4&filCfto 

4) ©3g^©^©^7tX^i7 t-Mil 9 \Z7Tst. 

S (4 8 c d/A) £*Tf SiSH 1 ©^;^ 

Mm©** (36Jttany h*«2ffl) hju 
i©JttSj©fc», Bi6i:feisnt^ 

[ 0 0 6 1 ] USSfiSJ 5 (2flO*3tt3.= y hOJBJfcX"* 
3feffi«*»63tfitrtlff*T©Eli*«afl:f4*IHflD 
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3ft©*«£ffl;tUT. *S£0J3£B&|S]-©7o-feXT' 

i©v,o s ismtrti-wk) zftisTmmLtztf. 
«a$T©3t*w*»©«a*frsaai-riWT. st0 

®\Zft%Z\-y h3-2COo-NPD^6i^n5* 
-;Mii£JI©KJ¥£3 0 0 A. 500 A, 700 A© 3 
aStCfettTM3«S©SfifC^KbT, S&3SIJP£ 

10 £m©J6£itftft*»£*ff=tt. Hffi0iJ3 tWl-T&Z. 
03 0, 0 3 lRt*EI3 2<P©D. +. 0/n->M3HE- 

n^-*n, crosaaogops^r-r^^owK (c d/ 

m ! ) -Iff (V) #14. mmmm. (mA/cm 1 ) -« 
JE (V) (cd/A) -«8fE«ft (mA 

/cm') ^t^77T»5. (£% 
#15) 03lSO;!?fCM^^f h)^B2 0C* 

r. H3 2«c^$n-5so. 3«g©«uf£>rT 
■s^n-en©^?©*^^ (cd/A) «±#<s& 

o, I6ft:x--y h3-2©*-;Mtit)IBIJP^7 ooa 
20 ©fc©te. **8 c d/A*i8^.4«fltJft** t #6tlfc 
-73 . ^az-yh3-2 jmailit*** 3 0 0 

A, 5 0 0Aofc©li6. 5 cd/A, 4 c d/AfS 
©■l/*»#6n&*ofc. %%=l-v h3-2©*-;i/ 
7 0 0 A©H?«, #6«3tt*r»T**X 
tfD-DPVB i ©^7tfi^5.7 l eS#t«STrag.^A 1 
(**WPtJBSf**«Ufc'bO) 
^*l/4&fi©B§3fSi^oT^^ («jjgte£*l£:) 

[0 0 6 2] HSS0J6 («tt££l®lftfffl!Jt;:&rSJI 
30 0 75M2 2IC!B»© r^©*Sf£?4fi£lj T 

-5 (a) £ (b) ^l^^ntt^if) 

Sfijfr-S. S*fS««Jl iBU*«T. [010© (a)] 

i:iLtfS;^->i:n-h$tiTU5 i to±i:* 

ffi#)B)cKffl^^7,^4 0 [01 0© (b) 3 

T, Mar7h3-l£«bfc. T&t)^. o-N 

PD£600A, Alq :C545T=100 : 1 ©1 

40 4b2»j *^Lfc. -r^^*.Tfes: : 
[{bin 




L i q tBSKTS^t^**) 10A©J¥$lCB£M 
LT. *iTl;:fSftjS7c£Jg<i:bTA 1 *JR»5B*1 A/& 
T 1 5 A©^$li^^L. r*o*g«:4rtlj 
50 Lt. ^tl, SdfB r*-©«K(£j£efc®J o±c«M84 
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14-liLT. V,O s Comtrt-l-W L.) ta-N 
PDCISI' (=E)lsitm ; V, O s : a-NPD = 4 : 

i) s, $.m&&2 A/tT2 o o Aomzizi&mL 

100(b)) S^LTJSffibfc. *K1, %»6EMffl 
^S^x^ 4 o [0io© (b) D ©££, ffjiSroxg 
Sfe^-SiOILTMar-y h 3 - 2 £fiSKUfc. 
T&frS, a-NPD$6 0 0A, Alq:C545T 
= 10 0:1 (fi*Jt) ©IS: 7 0 0 A, L i a $1 0 
A©l¥$tr. ■$j£Kl,fc. »S«S5tLT 
B5ffi^Hffi#«TX^4 1 (HOC (c) ) S^L 
X, A 1 *M*&g. 1 0 A/g>T- 1 0 0 0 A©Jf $ IC^ 
*U (HO® (d) ) 

iEL«?r#fc. mumz^^x^ytmmmo . 2 

cm, $0. 2cmOIMft&-3fc. u©fiEL 
St^lC&^T, MtSTSbS I TOt^HSTSS 
A l t©r B TlC *«E«E*B>ftlUT, (A l q : 

C54 5T©ftlfI) *»SO*fi55^©flH*tt*Jffl€ 
Ufc. 04 2, 043, 0 4 4Rl£0 4 5 ^©•T'n-.y 
Mi-tn-fft, d©^? (HSS0J6) ©W« (cd/m 
') -«BE (V) #14, ttffi&ft (mA/cm ! ) -«BE 
(V) #tt. ttft£ft$ (c d/A) -ttffittK (mA/ 
cm') Rtf, ?S#;#ff ( lm/W) -ME (c 

ffi*ffi*ififc#T*Jt*»H i (I TO/a-NPD, 6 
0 0 A/A 1 q : C 5 4 5 T= 1 0 0 : 1 , 7 0 0A/ 
Liq, 1 OA/A 1) *ffdcbH4 2 7iSH4 5«fC 
0^o 7 hT-^bfc. c©*C»*^-y h 
lfc«fc -3 TtfctRJ 5 nt 2 ii#SE-r* Z. ©Wit E L SR^ 

**mo jo*. 2^ia<ir^$<(^±Lfc„ c©*^ 
ss^j6) t> mmmi) tmmiz, smw-fwj* 

(V,0.) i^-;Utt^tt^T-fe-57'J-;P7S>ft 

b TV > -5 ( V, Oi' + a-NPD') t# 
xen, 5H{fcA*^v^A (V.O.) iff-NPD0l 

0© (1) ) jJtT^AU^Sl (±E*tt«T?ttL i) -f 

y^^n-f >^A 1 q«©«^(*»ttfl:^*ttt#** 
imt0l^iTSoT%J;< (±EttH2 0 0 0- 
1 8 2 7 7 4#&*#H8) . KW«&RB#££A>TV> 
■5BT-&*l#<fcv>. £©«&-t©»EJ&«. M 

*SnT*0 (#SBHX:J. En do, T.Mat 
sumoto, and J. K i d o, Jpn. J. A 
ppl. Phys. Vol. 41 (2002) pp. L 
800-L803) . flE*S**EL*?OftCC«T 
5ffi?ftASl'fiSffl^nT^-5©T\ ±E*J£01J<!:IrU£ 
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[0 0 6 3] m$sm£.mm<Ditm.tfi (q • c 

m) ©$!]£) 

tfcjgffi (!) • cm) ©ffljgffitt. ft»£t>©J±ffi*a©«t 

(u>->*) c±-3T2«Bo*teTaieixfc. mi ©SI 
^fett, tt«wjtaat©**^i«K:»UTjiai:*ft 

(0 3 3fttfH3 4C5S-*-fr>lM v^*IJfiOttfittff 
ffiffl*?) T»etfft», 9«in«£E (V) &tt»£WC 
10 ffil©Sg]P (cm) (t?S0«SMm«) *»6#6n*« 

«e (v/cm) i, sam^t (a) &«K«t9Kn«ii 

«©»f®a (cm 1 ) t^S&fctiaHSit&ft (A/c 
m ! ) 2: ©it ( (V/cm) / (A/cm ! ) = (Q • c 

m) ) A^iaibL z.o>mw&\zm^z«j->v-i vf- 

03 3(4, tkJ£Jai¥tfffl^?©¥®0, 0 3 
4te-£©»rBEIT*&-5. ^#:^)IC«*SS^J. 
SCB10 (b) CS4ft*S'tK-^?4 0t«i 
LT2mmi|g© I TOtl 1 6 ±\z (J!§£-lc<fc 0 2 mm 
20 I0)A 1 till:) *«*l*«ffi5B£Jlffl2' + 

i/^^UTttzll^tll 8£FJriI©ffllj¥(::k-5><fc?t~^* 
U g^(Ciq)i;< 2mmi|i©7Jl/5-'?AmSl 7^1 
TOil 1 6 chSSrf S^KESBILT, itffitafffffiffl 

*?*fp«ufc. si 2 ©»£?£«. Jt«»JtJ6&©*s 

^»Il:*fLTlSi$n^.^ST, MW*ii©itf&ri 

3 6l;SLfcJ;9i:, S« 1 9 ±©l^-¥®±tc^*^ 
120, ^12 1 ttf.zn.m%ffiH.Vm (L cra)H 
TTBSM$tlfcfc©S:ffl*bT*5#, J E-©±a><=>&8l5t 

30 «2 2©***«£Bf£©BinlI <W cm) 

xu7jftjt«*«-e^^*^bT, ffifzomm (t c 
m) £fi&i!l-f-&. uCi^fie.^iiE (v/cm) 
a. EPin«E (v) zmmmmm cl cm) ti&lt 

S:tH$n, mflSSSg (A/cm') ««SHm* (A) £ 

*«*»siEn«««©iifffia coisawx t c 

m ! ) TRfcLTgttlSft*. i©SCbT?#6»nfcfil* 
6. ttrIE©1t>K-r-y5 1 «ii©*^<i:iWl«(C, JfcJftSt 

(Q • cm) SrSHJl-fc. 

[0 0 6 4] 03 7 tlJtffi;K©ffl^S^S:^To 

40 ti©a^«, i to (30»§ms*m) , v,o s (*^b^ _ 

C£W-5ttffi58£!) > V,O s i:a-NPD©*Si*BI 
(V, Os : a-NPD=4 : 1 . 1 ; 1, 1 : 2 © 3J1 
^©^;i/J±) (*«Wfc*W*«1»564Ji) , v,o«t. 
2-TNATA0«fI (V,O s : 2-TNATA = 

4 : 1 rt;Hfc) , *»KC*W-*«1W«4IIJ - a- 
NPD. Csinyj-^DOCftlttt [Cs :A*y 
^yn-f>=l : 1 (^EJl/Jt) , ht©*^ 

3 - A 1 q, (*3t«») I TO. V, 

O.ta-NPDfflftltl, 5.t;v ! O i i2-TNA 
50 TA<D^m*m\t- M®*jf©JtJgJaWtfffl^^TS!l)£ 
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(MBS) I/. a-NPD, Cst/V;^D-f>©* 

mmm. ai a.tt. -tj->H-r-y5 i *jgc7)ttffife ! [Mffl 

JK^TSHtL-fc (■*> K-fy^S) . SSIC a-NPD 
{C^^Ttt«ffi^e>om^aA*^-5u/i7 (ohmi 
c) *««©«ffiff64lioajKTJfe-5, V 

, o. t « - NPDogfli«WHi:»t4»»i: s o 

A£»<^j&L-£±T\ 1 OOOAOiSffla-NPD 

ffiC«t61*l»B-OJt^t*»»6ft*c:t*a[BUfc. 10 
MBS 

-O- I TO 4. 6X1 0''Q • cm 
-•- V:Os 7. 2 x l 0' Q ; cm 

-A- (V,O s :a-NPD = 4: 1) ©*lfl 

2 . 0 X 1 0' Q • cm 

-O- (V.O. : a-NPD=l : 1) 

3. 6X1 0'Q' cm 

- + - (V.O. : a-NPD=l : 2) 

2. 9 X 1 0 5 Q • cm 

-□- (V, O s : 2 -TNATA=4 : 1 ) OXM* 20 
m 5. 8 X 1 0' Q • cm 

-A- ITO/V.O./Al 2. 8X10'Q 

•cm 

— T— ITO/a-NPD/Al 1. 5X10" 
Q • c m 

-■- ITO/VjOs : a-NPD (50A) /a — 
NPD (1 0 0 O A) /V, 

Os : a-NPD (50A) /A 1 8. OXIO'Q 
• cm 30 
-X- Al/Al q,/Al 6X10"Q-c 
m 

-I- ITO/Cs :AV?yn-T>/Al 2X1 
0'Q • cm 

V,O,i:a-NPD0#aSJMI©iB£ifc (^kft 
•) tik»aOMtR*H4 0©^57Cwtfc. HOB 

7t5j£©#£ (^^OlM^lOM) 40 

t*o. v,o,©*&**s8tt*R**-;i*iate* 
[0 0 6 5] *%m\z-z>^T±m%mmmz&mL-?? 

[0 0 6 6] 

[$S9!©3&*] WiLKHJbfci-plC. *J69i©#«EL 50 



^fci*. «*0*iEL»TTl33«Lll4*9fc* 

Stt**t»T*. BME. S#^©#« EL 
«t<ftieLTji«1-*Ct*«-C**. B9«*«ffl 

<T*ft©T. *Bf*T©i^-583t38« Pitt 1 36:0. $ 6 

*tt!h EIWS8tK:J:*«EJ|T**«© 

[0®©fflm&tftHj!] 

[01] fE*©#«EL**©»0M«*S*-r«l91HT 

[0 3] *«^©*?l=*W*«l#S««f«41«f© 
«#^K^©^B)ci:mffEPJ0^l;*5^i.S^Rl>**- 
©# i) £ tft«P3 0T & 5 . 

[04] *»W0#?KStt*SfcKS!*ffi»£JI + © 

;i>©#» * *r rh 0t $> * . 
[0 5] TU-^sMb^t sutntv'JAo* 

[06] 2-TNATAt4F-TCNQ©#MW 
if £JK©EiRX^ h;i/0T«&*. 

[0 7] a-NPDi:7S(tl'^/ 4 OWWI^ 
BS©KlRX^ WU0T&5. 

[0 8] *8E©#«EL*?©*l*lift*wTIM*» 
S0T&-5. 

[0 9] S*«|lTfP«lxfc#«EL*^©*l«|jfi* 
^TBS^»fH0T*4. 

[010] (a) l3»WMM«*«=i--h3ttfc#7* . 
***S"rHT»0. (b) l;ttr«4&i«flUl&*- ! ?** 
©*fi££*-f0T<&9> (c) tt^SfiJcMffl^S^^ 
©«B£5-^1-0T-$>O. (d) li*fO*dES*tHT. 

[011] »IM8 2T^«U**«EL*T:OW«|jB 

[012] &mM3T-ft$ivitG®ELm¥(bmmmm 
*^i"is^KS0"e«&-i). 

[01 3] £JtmTflsKlfc*MEL*?©1M*ifi 
£^-fB§7K8r®0Tc&-5>. 
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[014] *JimTfMLfc*«EL*T©«JMIjfi 

mi 6 ] g^j i , $mm i Rtmtew 4 -cfpaufc 

WfcEL*?©^*^? h;i/0T$>3, 
[017] £901] 2 , £9011 3 Rt;*«« 3 TftMVfz 

#«EL F>ST$5„ 
[HI 8] *««4Tff«b&**EL# ; f-©afli*ji 

[019] *^J4T^S!Lfc3SM©* : ?W^7 l ex^ 

[02 0] **«5TftMRUfc3tta©*?©56itX''* 

[02 1] S*«l. j»«lRtf3«t«2-Cf|E»l/fc 

[022] mmm i . hjs^j i r# 2 rfp« u fc - 

[0 2 3] £9011 1 , J?S£0t] 1 Rtf^Jfifl 2 TffSLfc 20 
W«EL*?©«8tta*-«ffi*S4*tt*wT^77T 

[024] £90iJ 2 , £90*J 3 3 TfESS b 

[025] sva 2 . **0<j 3 Rzsmmm 3 x-fpsifc 

W«EL3d?©H*&S-1ff#tt£*T^7T£ 

[0 2 6] £909 2, »909 3Rtf*KSfll3T««U;fc 
#«E L«?0««Bft*-««.**#tt*wfy5 7'r 
**. 30 

[0 2 7] *JS0iJ4-C ; ^SUfc3aS©^*EL^CD 
Wft - mjE#te * * T if 7 y X' h % . 

[02 8] *lS«l4-C'fP«L'fc3aaiO#«EL* ; ?© 

mstss - mjE!HH4 * s-r 7* 5 7 r & * . 

[02 9] *JfimTfls»L;fc3a»©#*EL*?© 

[030] mmm5x{mLtz3mmommEhm^<D 
m m - mE# 14 7 7 7 t- $> * 0 

[03 1] *JfiflJ5TfPSL<fc3aao*«EL*?0 

[03 2] *ll«5Tfls«Ufc3««©*aiELJ|ffO 

[03 3] +)->H'T-y5 1 «ift©Jtffifiti¥ffiffl*^©¥® 
0T&&., 

[03 4] ^^^^©tt&ialfttffi*?©^® 
0T&3. 

[0 3 5] Mm«j£©ltJt£xfftfffl3H L © :s Pffl0T;& 

So 

[03 6] afeHaaottttKffffiffifc^OWriBHT?* 
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5. 

[03 7] iM*«T»£bfcJtJ£jKfi**ffiT5fc«>0 
^ - loStSK^tt^^l" 9 7 7 T» 5 . 

[03 8] (a) H #12 0 0 1 -2 2 5 8 4 7^ 
MCfE*©W«EL^ : ?©^7t^^^*'t¥KTg. 
0- (b) £©W«EL*^©««*jfi£ip"t8« 
0T&5. 

[03 9] (a) tt, #52B©*«W3TflsML£*« 
EL^ORJtttBftwT^KTftD, (b) d© 
W«EL*?oa««3ft**-r*HSHT*S. 

[04 0] V.O. ta-NPD©*3R*IS©S^Jt 

[04 1] J|li«6lC«*#*EL«^0*«*iat* 
T^f®0T*5. 
[04 2] *JB«6Rtftt*ffl#ljfi*Wr Stfclfc*?© 

» a - ^ 7 7 t» 5 . 

[04 3] HS£0iJ6R^*S*3t$^-r5jtK^© 
•Sf«-tE#tt**1"^57T*4. 

[044] ^js^jeR^^^it^^sjt^ 1 ?-© 

[04 5] 6 
S«-iSEtft^t^77t*5. 

[##©&9i] 

1 j§0J£1£ 

2 i§BJ|5§H»I 
3-1 %3tn--<>h 
3-2 ^i-7h 

3- n «3fci-yh 

4 - 1 «ftfg£l 

4- 2 «W5S£1 
4-n 

5 &ff«S 

6 *-;Mii£l 

7 fS^JI 

8 m^axi 

9 #-;M*2ll 

I 0 

I I m^axi 

1 2 

1 3 5gftl 

1 4 m^axi 

1 5 

1 6 mm 

1 7 me 

1 8 ssss* 

1 9 £« 

20 11 

2 1 ms 

2 2 Stt£4b 
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e" ■*- 
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mm 



[03] 




0 
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#12 00 3-2 7 28 60 




5.&ffttff 

8.«^X1 (A'y^^D-f >:Cs) 
7. ^^^3 (A1q:C 5 4 5T) 
6.*-Ji«3UB (ff-NED) 

2.se®s ata»o) 
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^ 2 0 0 3 - 2 7 2 8 6 0 



[0 10] 



[H 1 8] 



(a) 



(c) 



-41 




1 1] 




2 am« MOM) 
1 aR*7XS« 



[B2 3] 



■10.%^ (spiro-DPVBi) 
-9.*-;HMM (spiro-NFB) 




CmA/cm 2 ) 



il 2) 



13.f&fc® (Alq:DCJTB) 



12.*-;U&&® (o-NPD) 
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[01 3] 



[12 1] 



A 



Cs: AV^^DO 



C545T : Alq 



a-NPD 



Cs: AV^^DO 



C545T:A1q 



a-NPD 



} 



} 



3-2 3S3fc:x-y V 

— 4-i @^£/i(v 2 o 5 ) 



o gWJl©*^ 



3-1 mt^-vv 



mmnm (iw) 



1 4] 





io 5 - 




10« - 
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